
F-R12i 86i R STUDY OF THE TOTAL COST OF CONVENTIONAL SHIP 1/1
PROPULSION FUEL(U) NAVAL SEA SYSTEMS COMMAND NASHINGTONI DC JUL 8t

UNCLASSIFIED F/G 21/4 NL

mlllmloIEII
EIIIIIIIIIIIIE

I lflflflflfllllllI*flflfl



"16

INIIII2! '

UlII .  um
1.28

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STAiOARDS - 13 -A



* UNCLASSIFIED
" SECURITY CLASSIFICATION OF THIS PAGE (Men Data Entered) J

REPORT DOCUMENTATION PAGE R D INSTRUCTIONS' !" NEORT N~eE.BEFOR4 COMPLETING FORM ,

I. REPORT NUM BER GOVT ACCESSION NO. 3. RECIPIENT 'S CATALOG NUMBER/

0

4. TITLE (and Subtitle) S. TYPE OF REPORT A PERIOD CO

A A STUDY OF THE TOTAL COST OF Final - FY 1980
CONVENTIONAL SHIP PROPULSION 6. PERFORMING ORG. REPORT NUMBER

FUEL
t. AUTHOR(s) S. CONTRACT OR GRANT NUMBER(&)

COST ESTIMATING AND ANALYSIS DIVISION
-- NAVAL SEA SYSTEMS COMMAND

WASHINGTON, D.C. .
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASKAREa A woRK UNIT ROUMERS

cc COST ESTIMATING AND ANALYSIS DIVISION (SEA-017)

NAVAL SEA SYSTEMS COMMAND
WASHINGTON, D.C. 20362

It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

COST ESTIMATING AND ANALYSIS DIVISION (SEA-017) July 1981
" ' NAVAL SEA SYSTEMS COMMAND 13. NUMBER OF PAGES

_ WASHINGTON, D.C. 20362 42
14. MONITORING AGENCY NAME & ADDRESS(iI different from Controlling Ofice) IS. SECURITY CLASS. (of this report)

UNCLASSIFIED

Oct a OECLASSIFICATI ON DOWNGRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20. If different from Report)

I. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on revere. ide It necessary and Identity by block ni.m. br)

Fuel Cost
Fuel Delivery A
Fuel Storage and Handling
Fuel Facilities

2 S0. ABSTRACT (Continue on reverse aide It necesey and identify by block member)

. : This paper presents the total cost of conventional fuel used by U.S.

Navy ships along with the data and methodology used to derive this value.

The total cost of fuel consists of much more than the purchase price of

a barrel of oil. Once. purchased, the fuel must be stored by fuel terminals
and then delivered by fleet oilers to ships on station. These fleet oilers

require the protection of ocean escorts since they have a limited self protec-

LsJ
"oDD .1473 ETION OF I NOV 6, i OssOLie MNCLASSIFED
S/N 0102- LF. 014- 6601 SECURITY CLASSIFICATION OF THIS PAGE (Mbef bate 3W9"d



i < $[CURITY CLASIFICATIO OF THIS PAGE 916 DO I.Im
Block 20. Abstract (cont..)

tion capability. Due to the fact that the use of conventional fuel will be
continued indefinitely into the future, consideration must be given to the
replacement of fleet oilers and ocean escorts. All these factors contribute
to the total cost of propulsion fuel used by conventionally powered U.S. Navy

ships. The cost values and fuel delivery parameters used are based upon
FY 80 data and therefore the basic fuel cost value is in FY 80 dollars. In
addition to the derivation of a single fuel cost value, sensitivity analyses
present the cost impacts due to variation in value of significant input
values and/or assumptions.

/

4

'"71

S/N 0102. L 014 6601

UNCLASSIFTun
SCCURITY CLASSIFICATION or THIS PAGUfI D * .. ..



A Study of the Total Cost
of

Conventional Ship Propulsion Fuel

I/

COST ESTIMATING AND ANALYSIS DIVISION

1..e

,.: NAVAL SEA SYSTEMS COMMAND
WASHINGTON, D.C.-Naval S(,, .... ..-

J U L Y 1 9 8 1 P 11L I ." - .Cub:'J'C.:.i **':

82 11 26 051 Dist, t: :.

S..................



Table of Contents

Page

1. Introduction/ Background . ...... . . ......... 1

2. Purchase Price. 2

3. Storage andHandl ngCsts... .. .. .... ... ..... 3

4. Delivery Cost . . . . . . . . . . . . . . . . . . . . . . . . .

4.1. Overview .. .. .. .. .. .. .. .. . .. . . . . . . 7

4.2. Ship Acquisition Cost . . . . . . . . . . . . . . . . . . 7

4.3. Ship Operating and Support Cost ....... . ... . 8

4.4. Delivery Cost Allocations . . . . . . . . . . . . . . . . 9

4.5. Current Delivery Cost . . . . . . . . . . . . . . . . . . 10

4.6. Current Fuel Cost Summary . ............... 11

4.7. Future Delivery Cost... ........ . ....... 12

4.8. Overall Fuel Cost Summary . . . . . . . . . . . . . . . . 13

5. Sensitivity Analysis...... ..... . . . .. . . . . . . 14

5.1. Escalated Total Fuel Costs. . . . . . . . . . . . . . . . 14

5.2. Fuel Delivery Quantity ............. . .... 15

5.3. UNREP Delivery Percentage . . . . . ...... . .... 15

5.4. Escorts per Oiler . . . . . . . . . . . . . . . . . . . . 16

5.5. Current/Future Shp Mix .... . . . .......... . 17

Appendix A: Ship Acquisition Cost Data . . . . . . . . . . . . . . A-1

Appendix B: Ship Operatin.g and Support Cost Data . . . . . . . . . B-1

Appendix C: Delivery Cost Calculations . . . . . . . . . ..... C-1

"- * p. - • % " " . - . - " - o " . ."



9'I

List of Tables

Page

Table 1. Navy Owned and Operated Defense Fuel Supply Points in the
United States . . . . . . . . ... ... . .* . . . 3

Table 2. Facility Category Codes . . . . . . . 4

Table 3. DFM Facilities Cost Analysis Summary. . . . . . . . . . . . 6

Table 4. Ship Acquisition Cost Summary 8....... . . .. . 8

Table 5. Operating and Support Cost Summary ........ . .... 9

Table 6. Oiler DFM Delivery Values . .......... . . . . 9

Table 7. Current Fuel Cost Summary . . . . . . • ... . 12

Table 8. Future Ships Fuel Delivery Cost Parameters. . . . . . . . . 12

Table 9. Overall Fuel Cost Summary . . . . . . . . . . . . . . . . . 13

Table 10. Escalated Total Fuel Cost . . . . . . . . . . . . . . . . . 14

Table 11. Fuel Delivery Quantity Sensitivity. . . . . . . . . . . . . 15

Table 12. UNREP Delivery Percentage Sensitivity . . . . . . . . . . . 16

Table 13. Escorts per Oiler Sensitivity . . ...... . ...... 16

Table 14. Current Future Ship Mix SensitiVity . . . . . . . . . . . . 17

jr

ii "

,9.

. . . . . . .• . -



1. Introduction/Background

The purpose of this study is to present the total cost of conventional

fuel used by U.S. Navy ships for propulsion. This report is the result of a

continuing effort by the NAVSEA Cost Estimating and Analysis Division to

quantify the total cost of propulsion fuel used by Navy ships. The fuel costs,

developed in past studies, have been used in the economic analysis of nuclear

i! versus conventionally powered ships, in deriving the total cost of certain Naval

operations and in design trade-offs of ship systems. This study provides

updated information for use in these and similiar studies. To the greatest

extent possible the fuel costs presented are analytically consistent with past

fuel studies in order to facilitate the updating of analyses which previously

relied on these fuel costs.

Although analytical consistency has been stressed in the performance of this

study, the search for better data sources has been equally important. This

I search included review of the Defense Energy Information System (DEIS), the Navy

Facilities Assets Data Base (NFADB), 3-M Maintenance Data System (MDS),

Visability and Management of Operating and Support Cost-Ships (VAMOSC-SHIPS)

management information system and Ships Parts Control Center infgemation on

oiler bulk fuel transfers. Review of these sources and the incorporation of

data from them, has enhanced the validity of the inputs used in this Fuel Study.
10

Also, for the first time, the cost of fuel storage and handling facilities has

r been included. The inclusion of this cost has increased the scope of this fuel

study as compared with previous studies.
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3. Storage and Handling Cost

The cost of fuel storage and handling consists of the imputed annual acqui-

sition cost of storage and handling facilities, plus the operation and

maintenance cost of these facilities, plus the cost of modernizing these

facilities including the cost of improvements made for compliance with

government regulations. The imputed annual acquisition cost of fuel storage and

handling facilities is calculated for Navy owned and operated Defense Fuel

Supply Points (DFSP) within the United States. NAVSUP identified these fuel

terminals as being representative of all Navy terminals.

Table 1. Navy Owned and Operated Defense Fuel Supply Points in the

United States

Adak, Alaska

Key West, Florida

Puget Sound, Washington

Norfolk, Virginia

Jacksonville, Florida

Charleston, South Carolina

Oakland, California

San Diego, California

Pearl Harbor, Hawaii

The acquisition cost of these facilities is obtained from the Detailed

Inventory of Naval Shore Facilities. The Detailed Inventory of Naval Shore

Facilities is an anoual. publication of the Navy Facilities Engineering Command.-
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Basically, the total cost of conventional propulsion fuel used by U.S. Navy

ships consists of three major cost elements. These three cost elements are:

1. Purchase Price

2. Storage and Handling Cost

3. Delivery Cost

The methodology and data used to derive costs for each of these elements are

described in the following sections of this report. The basic analysis consists

of generating dollar values for each element of fuel cost in FY 80 dollars, on a

cost per barrel basis. Fiscal year 1980 is the base year for this analysis.

The FY 80 values are also inflated to "Then Year" dollars, through FY 2000, in

Section 5 Sensitivity Analysis. Sensitivities are also presented for several

of the major input data elements of this study. These sensitivities are per-

formed recognizing that some data do not have a single valid value and/or that

their value is the result of subjective analytical judgement.

2. Purchase Price

Purchase price is the direct cost for the propulsion fuel used by Navy

J! ships. The DOD establishes stabilized rates for the various fuel products it

uses to simplify the accounting procedures relating to fuel cost,;'accounting.

Since these rates are based upon the actual costs paid for fuel, the

stabilized rates are used in this study. The stabilized rate for distillate

fuel is the specific rate used in this study since it is the primary

r source of conventional ship propulsion fuel.

In February of 1980 the stabilized rate of distillate fuel was raised

from $25.62 per barrel to $54.18 per barrel due to the increased cost to DOD

for distillate fuel acquisition. Therefore the nominal value for fuel purchase

price used in this study is $54.18 in FY 80 dollars.
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This report is generated from the Navy Facilities Assets Data Base (NFADB) which

is maintained by NAVFAC. The NFADB lists every facility at every Navy activity

by a five digit function code. In order to determine depreciation costs NAVFAC

has established the economic life in years for each facility code. The fifteen

facility category codes which are of interest to this study are presented in

Table 2 along with their description and economic life.

Table 2. Facility Category Codes

Category Economic
Code Description Life (years)

12210 Marine Fueling Facility 38

12220 Small Craft Fueling Sta 38

12420 Drum/Can Ready Fuel Strg 25

12440 Sm Craft Ready Fuel Strg 25

12510 POL Pipeline 25

12516 MIsc POL Pipeline Fac 25

12520 Shltr Misc Pipeline Fac 31

12610 Drum & Can Loading Facility 25

12630 Tank Truck/Car Load Fac 25 z"

12640 Tank Truck/Car Unload Fac 25

14375 POL Opn/Sampling/Test Bldg 44

15140 Fueling Pier 38

r 15240 Fueling Wharf 38

41110 Ship fuel Storage 38

41130 Diesel Fuel Storage 38

4



For each facility code at each Navy activity the NFADB gives, among many

other data elements, the initial acquisition cost of the facility and the

acquisition cost inflated to current year dollars.

All of the facility codes listed in Table 2 do not relate exclusively to

storage and handling of ships propulsion fuel. For example, Petroleum, Oil

and Lubricants (POL) pipeline costs would be related to all POL products, not

just Diesel Fuel Marine (DFM). To obtain facility cost values for these types

of facilities, the total facilities cost was multiplied by the ratio of DFM to

POL issues. The DFM facilities cost values were then divided by the economic

life of that type facility to obtain an annual DFM facilities cost value. The

total annual DFM facilities cost was divided by the total number of barrels of

DFM issued from the nine Navy owned and operated DFSP's in the United States

to derive a cost per barrel of DFM.

The DFM and POL issues for FY 80 were obtained from the Defense Energy

Information System (DEIS) which is maintained by the Defense Fuel Supply

Command. The DEIS produces various monthly reports on fuel transfers for all

Defense activities. Each report gives fuel transfers for the month and.the

cumulative values for the fiscal year. DEIS reports for the month of SeptemberI4

1980 were used to obtain the total DFM issues from each of the nine Navy DFSPs

and the total DFM and total POL issues for all DFSPs. These were the fuel

issue values which were used to generate facilities cost on a per barrel of DFM

basis. The results of this DFM facilities cost analysis are presented in

Table 3.

5
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Table 3.. DFM Facilities Cost Analysis Summary

Total DFM Facilities Cost $408,226K

Total Annual DFM Facilities Cost $ 11,371K

Total Barrels of DFM Issued 11,423K

Facilities Cost per Barrel of DFM $ 1.00

In addition to the imputed value for facilities costs, the storage and

handling cost also includes the cost of operating, maintaining, and modernizing

the storage and handling facilities. These costs for FY 80 were obtained from

the Naval Supply Systems Command for each of the nine Navy DFSP's used in this

study. The total costs were allocated to DFM facilities in accordance with pro-

cedures also provided by NAVSUP. These DFM related costs were put on a per

barrel of DFM basis by dividing them by the toal DFM issues which were obtained

from the DEIS.

The total amount spent on operations and maintenance during FY 80 at Navy

DFSP's, and the amount of DFM issued from them has remained essentially the same

as they were for previous studies. Therefore, the O&M cost per barrel Qf fuel

has remained essentially the same, showing only a very slight decrease. The

amount that was spent during FY 80 on military construction, however, has de-

creased significantly when compared to previous studies. This is attributed to

the facts that required construction for meeting pollution standards and for POL

modernization have been completed. The cost per barrel of fuel for operations,

maintenance and military construction at Navy DFSP's for FY 80 is $0.47. Com-

bining this figure with the imputed facilities cost yields $1.47 per barrel of,

fuel for storage and handling during FY 80.
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4. Delivery Cost

4.1. Overview

Fuel delivery cost consists of the imputed annualized acquisition

cost and operating and support costs of oilers which deliver fuel to the

fleet and the escort ships which provide protection to these oilers. Since

oilers also deliver cargo other than ship propulsion fuel, the costs associated

with these ships and their escorts must be prorated or allocated to the function

:* of ship propulsion fuel delivery. Also, Navy ships do not receive all of their
*2I

fuel from oilers; some fuel is received directly from fuel terminals. Receipt

of fuel directly from a fuel terminal incurs no delivery cost. Therefore fuel

delivery cost is normalized based upon the proportional amounts of fuel received

at fuel terminals and that received from oilers during Underway Replenishment

A (UNREP). Finally, since the Navy will procure new oilers and escort ships,

delivery costs are assessed on both a current and future fleet basis. Each of

these aspects of fuel delivery cost are discussed in more detail in the

following paragraphs. Also, Appendix C presents the delivery cost equations and

calculations.

4.2. Ship Acquisition Cost

The ship acquisition cost includes the initial acquisition cost of the

ship plus the cost of conversions and modernizations performed on the ship,

expressed in FY 80 dollars. To put the acquisition cost on an annual basis,

the total acquisition cost is divided by the economic life of the ship. As
r

in past studies, the economic life of these ships is assumed to be thirty years.

This value does not. relresent, nor should it be misconstrued to represent, the

replacement value of the ship. The value used is essentially the annual depre-

ciation of the ship expressed in FY 80 dollars. A summary of the annualized

ship acquisition costs is presented in Table 4. Appendix A contains the

detailed acquisition cost data.
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Table 4. Ship Acquisition Cost Summary

(Millions of FY 80 Dollars)

Total Imputed
Acquisition Annual

Cost Cost

AO 100.65 3.355

TAO 75.66 2.522

Escort 67.37 2.244

4.3. Ship Operating and Support Cost

The Operating and Support (O&S) Cost for Navy oilers and escort ships

were derived from the VAMOSC-SHIPS reporting system. The O&S cost for each ship

for fiscal years 77, 78 and 79 were inflated to FY 80 dollars and averaged to

obtain the O&S values used in this study. ,Oilers operated by the Military

Sealift Command (MSC) are not included in the O&S costs reported by the

VAMOSC-SHIPS system. Therefore, the average, TAO O&S cost was estimated by

assuming that the racio of the TAO crew cost to AO crew cost is egual to the

ratio of their O&S costs. The costs for Navy and MSC oiler crews are obtained

from an OPNAV study on Fleet Support ships. This is the same technique which

has been used in previous fuel studies. Table 5 presents a summary of O&S

costs, Appendix B gives detailed O&S data for Navy Ships.

8
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Table 5. Operating and Support Cost Summary
(Millions of FY 80 Dollars)

AO 14.637

TAO 20.586

Escort 18.727

4.4. Delivery Cost Allocations

The allocation of oiler costs to ship propulsion fuel delivery is

based upon the percent of the oilers total POL deliveries which are DFM. The

DFM percentage for AO's and TAO's was based upon data covering an eighteen month

period. To obtain a per barrel delivery cost, the AO and TAO DFM delivery costs

are simply divided by the average number of barrels each delivers annually.

Table 6 presents the DFM percentage and the average DFM deliveries for AOs and

TAOs.

Table 6. Oiler DFM Delivery Values

DFM DFM Deliveries
Per Cent (K bbls)

AD 78 275.3

TAO - 72 767.7

9
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The cost of escort ships is allocated to ship propulsion fuel delivery

by developing an escort ship cost per oiler. Past task force studies have shown

that escorts and replenishment ships are assigned to the task force in a ratio

of approximately six to four. Based upon this fact alone the number of escorts

per oiler would be 1.5. However, escort ships are not solely dedicated to oiler

support nor are the oilers constantly in the company of the escort ships.

Therefore, it was assumed, as in past studies, that the escort ships accompany

the oilers half of the time. The resulting number-of escorts per oiler is,

then, .75.

4.5. Current Delivery Cost

The cost of delivering fuel to ships at sea is derived using a

weighted average technique. The average annual acquisition cost and average

O&S cost for AOs, TAOs and escort ships have been presented in Tables 4 and 5

respectively. The average annual AO acquisition cost is added to the average

annual AO O&S cost and the sum Is multiplied by the DFM percentage for AOs.

This value Is multiplied by the number of AOs to yield the total delivery cost

for AOs. This same procedure Is used to calculate the TAO total elivery cost

using TAO values. For escort ships the sum of the average annual acquisition

cost and average annual O&S cost is multiplied by a composite OFM percentage and

the number of escorts per oiler. This yields escort costs on a per oiler basis.

Therefore, this value is multiplied by the total number of AOs and TAOs, result-

* Ing In the total deliverycost for escort ships. Adding the delivery costs for

AOs, TAOs and escort ships, yields the total cost of delivering DFM4 by escorted

UNREP oiler.

10



To calculate a total fuel delivery cost on a per barrel basis, the

total barrels delivered is required. This value was derived by adding the total

barrels of fuel delivered by Navy and MSC oilers. The total amount of fuel

delivered by an AO was calculated by multiplying the average amount of fuel

delivered by an AO times the number of AOs. The amount of fuel delivered by a

A0 was calculated in the same manner. Adding the total barrels of fuel

delivered by AO and TAO yields the total barrels of DFM delivered by UNREP

oiler. Dividing the total delivery cost by total fuel delivered, yields tne

delivery cost per barrel of fuel delivered by escorted UNREP oiler of $36.02.

When ships roceive fuel directly from fuel terminals, no delivery

costs are incurred. This fact must be accounted for to develop a normalized

fuel delivery cost. Based upon previous studies, it is assumed that ships

received 70% of their fuel from an UNREP oiler and 30% from a fuel terminal.

This 70/30 split is intended to be a representative value for all Navy ships.

Some ships may receive all their fuel from oilers while other ships may receive

all their fuel from a terminal. Therefore, using the total fuel cost value

presented in this report for a particular ship type, should be done with

caution. The normalized current fuel delivery cost is weighted 70% UNREP and

30% In-Port. Since the In-Port delivery cost is zero, the normalized current

fuel delivery cost is simply 70% of the UNREP delivery cost. The resulting

normalized current fuel delivery cost is, then, $25.21 per barrel.

4.6. Current Fuel Cost Summary

fuel has been presented. Table 7 summarizes these costs and presents the total

cost of ship propulsib fuel.

11



Table 7. Current Fuel Cost Summary

Purchase $54.18/bbl

Storage and handling 1.47

Delivery 25.21

$80.86/bbl

4.7. Future Delivery Cost

Since current oilers and escort ships will have to be replaced, it is

appropriate to consider the impact these replacements may have on fuel delivery

costs. The AO 177 and the FFG 7 respectively represent the future oiler and

escort ship. The essential elements in calculating delivery cost are the annual

acquisition cost, annual O&S cost, DFM percentage of total POL and the annual

DFM delivery amount. The fact that the future ships do not have procurement and

O&S histories compariable with the current delivery ships, necessitates the use

of representative data as opposed to historical averages. The average

acquisition costs for these two future ships are based upon previous fuel study

work and other sources of ship costs. The costs are put on an annual basis by

assuming a 30 year economic life. The annual O&S costs were derived from the

November 1980 Navy Program Factors Manual. The DFM percentage of total POL

deliveries and the DFM delivery quantities are taken from previous fuel study

analysis. Table 8 summarizes the data values for these future fuel delivery

ships.

Table 8. Future Ships Fuel Delivery Cost Parameters

Annual Annual DFM Annual
Acquisition, O&S % of DFM
Cost. , Cost POL Deliveries -

AO 177 $5.8M $14.5M 60% 288K bbls

FFG 7 $7.5M $ 8.3M4

12



Based upon the values In Table 8, the future cost of delivering DFM to

ships at sea by escorted UNREP oiler is $66.98 per barrel as compared to the

current cost of $36.02/bbl. Multiplying by 70% to obtain the future normalized

fuel delivery cost yields $46.89/bbl as compared to the current cost of $25.21/

bbl. This takes into consideration the fact that 30% of ship propulsion fuel is

received from fuel terminals and incurs no delivery cost.

4,8. Overall Fuel Cost Summary

4 The overall fuel cost in FY 80 dollars on a cost per barrel basis con-

sists of the purchase price, storage and handling costs and the average of the

current and future normalized delivery costs. Taking a straight average of the

current and future normalized delivery costs of $25.21/bbl and $46.89/bbl res-

2:. pectively, implies a 50/50 mix of current and future fleet oilers and their

associated ocean escorts. This 50/50 mix is the technique htich was used in

past fuel studies and Is used in this study to maintain analytical consistency.

Table 9 presents this overall fuel cost sufmary.

Table 9. Overall Fuel Cost Summary

Purchase $ 54.18/bbl

Storage and handling 1.47

* Delivery $ 36.05

Total $ 91.70

#:
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5. Sensitivity Analyses

This section presents the sensitivity of the total fuel cost to variations

in value of major data elements.

5.1. Escalated Total Fuel Costs

The derivation of total fuel cost in the body of this report is

performed exclusively in FY 80 dollars. To show the impact of inflation on

these costs they have been escalated to then year dollars using the Feb 1981

indices from the Assistant Secretary of Defense. The following table presents

these costs for 1980, the base year, through the year 2000.

Table 10. Escalated Total Fuel Cost

Year Cost Year Cost

1980 $ 91.70 1990 $181.94

1981 109.09 1991 191.04

1982 118.58 1992 200.59

1983 127.24 1993 210.62

1984 135.13 1994 221.15

1985 142.56 1995 232.21

1986 149.69 1996 243.82

1987 157.17 1997 256.01

1988 165.03 1998 268.81

1989 173.28 1999 282.25

2000 296.36
j -
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5.2. Fuel Delivery Quantity

The amount of fuel delivered by Navy and MSC oilers varies from year

to year. The following table shows the sensitivity of total fuel cost to

changes in fuel delivery quantities. In the calculation of these values the

purchase price and storage and handling costs were held constant at their base

values. Also, the current and future delivery costs were held constant allowing

the cost per barrel of fuel to vary strictly as a function of delivery quantity.

Table 11. Fuel Delivery Quantity Sensitivity

% Change Average Annual Total
From Delivery Quantity Delivery Fuel
Base Per Oiler Cost Cost

- 20 361 K bbls $ 45.12/bbl $100.77/bbl

- 10 406 40.08 95.73

0 451 36.05 91.70

+ 10 496 32.76 88.41

5.3. UNREP Delivery Percentage

The amount of fuel which is received by Navy ships from fleet oilers

expressed as a percent of total fuel received by the ship, is a difficult value

to obtain. This is due to the structure of the fuel reporting systems which

summarize total fuel for the oiler or the ship. Also, the value is subject to

changes in fleet operating policies which are in turn subject to changes in

world events. The'70/30 UNREP/In-Port delivery split may also vary by ship

type. Therefore, total fuel cost has been sensitized to changes in the percent

of fuel delivered by UNREP oiler in the following table.

. 15
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Table 12. UNREP Delivery Percentage Sensitivity

UNREP Delivery Total Fuel
Cost Cost

50 $25.75/bbl $ 81.40/bbl

60 30.90 86.55

70 (base) 36.05 91.70

80 41.20 96.85

90 46.35 102.00

5.4. Escorts per Oiler

In the basic determination of fuel cost it was assumed that there were

.75 escort ships per oiler. Due to the subjectivity of this value, delivery

cost and total fuel cost have been sensitized to the number of escorts per oiler

in the following table.

Table 13. Escorts per Oiler Sensitivity

Escorts Total' Total
Per Delivery Fuel
Oiler Cost Cost

.5 $31.98/bbl $87.63/bbl

.6 33.61 89.26 "

.7 35.24 90.89

.75 (base) 36.05 91.70

.8 36.87 92.52

* .9 38.50 94.15

40.13 95.78
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5.5. Current/Future Ship Mix

In calculating the total overall cost of fuel, a 50/50 mix of current

and future ships was used. The actual ratio of current to future ships would

*change incrementally as new ships are added to and old ships are removed from

the fleet. The impact of various other ratios on the total overall delivery

cost and total overall fuel cost are shown in the sensitivity analysis of this

data element.

Table 14. Current/Future Ship Mix Sensitivity

Percent Percent Total Total
Current Future Delivery Fuel
Ships Ships Cost Cost

100 0 $25.21/bb] $ 80.86/bbl

75 25 30.63 86.28

50 50 36.05 91.70

25 75 41.47 97.12

0 100 46.89 102.54

17
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Appendix A

Ship Acquisition Cost Data
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¢** SHTP% AC0t1IITION COST **
(THfUSAMDS OF DObLARS)

TOTAL CnST IMPUTED
UTC NqMF TYPP CLASS HULL FY8lt FYoS$ ANNUAL

An ** **** 109583 10064q 3354

An 22 **** 130957 120281 4009

n4951 AKHTAPULA An 22 51 130957 120281 4009

An 51 **** 119727 109967 3665

04848 CALnOSAHAT An 51 98 119678 109927 3664
04P49 CANTSTEQ An 51 99 119777 110012 3667

An 143 8*** 99752 P1517 2717

05O07 TvUrKgE An 143 147 88752 P1517 2717
05908 PONCHATOU, An 143 148 88752 81517 2717

AnE **** **** 224300 206015 6867

An£ I **** 224300 206015 686"

05P37 SACAMENTn An 1 1 218853 201012 6700
0533 CAMnEm AnE 1 2 193460 177689 5923
05A48 S'ATT,-9 AnE 1 3 245001 225029 7501
20120 DOTPOTT AnE 1 4 23q889 220334 7344

AMR **** **** 113606 10434' 3478

AMR I **1* 113606 104345 3478

0584q WTC"ITA AnR 1 1 124584 114428 3814
05050 NTbWAIIKEE AnR 1 2 113165 103940 3465
70122 KANS4A CIT AnR 1 3 100521 92327 3078
20123 SAVANNA" AMR 1 4 94321 86637 28RH
7012' WAB MH AMR 1 5 102672 9430? 3143
70125 KALAMAZnO AnR 1 A 104419 qSq06 3197
20248 RnANOKK AOR 1 7 155562 142881 4763

F **** **** 71382 65,63 21R5

FF 1037 *41* 54028 49623 1654

54035 BROSTETN FF 1037 1037 58669 5308 17Q6
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* .SHTPR A(OVIISITION COST *,,
(THflUSAMI)S OF DOnLLARS)

TOTAL COST IMPUTET)
UTC NAMP TYPP CLASS HILL YR1 FYS$ ANNJAL

54036 Me rLnY FF 1037 1038 4q3Fl7 45361 1512

Vp 104M ** 72443 66S38 2218

54037 GARrIA FV 1040 1040 81151 74535 2485
54038 BRAnLEY FF 1040 1041 67140 61666 2056
54039 Mr nOQNFLI, FV 1040 1043 68272 62700 2090
54040 RRUMBY FV 1040 1044 58978 54170 1806
54041 DAVTDSON F' 1040 1045 63757 58560 1952
54047 VnGr FV 1040 1047 139825 128426 4281
54n4l SAMPJJ Fv 1040 1048 61575 56555 1885
54044 KnE1,SrH F 1040 1049 68215 62654 2088
54045 DAVTD, ALP FV 1040 1n5n 60387 W5465 1849
54046 0 CAbLARAA FF 1040 1051 55138 50641 1688

V 1052 **** 71906 66044 2201

54047 KNOY FV 1052 1052 174803 160553 5352
5404P RPAPK F 1052 1053 77953 7159P 7387
5404Q GRAY FV 1A52 1054 75648 69481 2316
54050 HFPUQN FV 1057 1055 78718 72301 2410
54051 CnfiNOt1E FF 1057 1056 70175 64409 2147
%4n57 RAT"WIRP4E VP 1A52 1057 67891 62356 2079
54053 MPYPRo'p FV 1052 1058 74086 68046 2268
54054 STMS, W S F 1057 1059 68096 62545 2085
54055 LhNr, FP 1l57 1060 731%1 67188 2240
54056 PATTEPSnN FP 1057 1061 69297 63648 2122
54057 WHIPPL.E FP 1052 1062 110692 1166Q 3319
54058 RVASOYER F 1057 1063 67400 61906 2064
54n50 LnCKWnO0 For 1052 1064 78142 71772 7392
54060 STETN Fr 1057 1065 70606 6485A 2162
54061 SmETbnS. ' FP 1052 1066 79790 73285 2443
54067 HAMMOND, P FV 1052 1067 71375 65557 2185
54A63 VPEFbANn VP 1052 1068 70317 64585 2153
54064 BAGtEY FV 1052 106Q 67631 62117 2071
54n65 DnwmES F' 1052 1070 76884 70616 2354
54066 BADGER Fr 1052 1071 73991 67959 2265
54067 BTAKETY FF 1057 1072 66323 60916 2031
54068 PPAPY, OR FF' 1052 1073 77042 70761 7359
54069 HnLT, HARO FV 1052 1074 76958 70684 2356
54070 TRIPPR PF 1057 1075 64916 59624 1987
54071 FAIIG Fr  1052 1076 74023 67980 2266
54077 OVELL T FF 1052 1077 68241 62678 2089
70049 HPrwS, iS rP 1052 1078 74859 68757 2292
70050 BnwPN FF 1052 1079 62193 57121 1904
70051 PaUl, FV 1052 1080 62005 56450 1898
70052 AYLWIN FF 1057 1081 67345 57261 1q09

PAGF 2



*** RHTPS A(ONIISITION COST ***

(THnURANDs nF DOLARS1

TOTAL CnST IMPUTFD
UTC Nh4R' TYPF C.ASS HILL FYRIS FY85 ANNUAEL

20053 mnNTGMP.RY Fr 1052 1082 67088 57027 1901
20054 CnOU Fv 1057 1083 64615 59349 1978
?0055 m( rANDLES FP 1052 1084 65678 6077R 2009
7005A BrARY, DnO FL 1052 1085 632Q2 58123 1937
70057 BPEWTnN Fr 1057 1086 63616 58430 1948
70059 KTRK FF 1057 1087 69324 63673 2122
20066 BARREY FP 105? 1088 65892 60521 2017
20067 BPOWN, JE, FF 1052 1089 65892 60521 7017
2006A ATNswCRTH F' 1052 1090 69892 60521 2017
2006q MT!,EQ Fr 1057 1091 62733 57619 1921
20070 HART, THOM FF 1052 1092 62733 5761Q 1921
20071 CAPOI)ANMO FF 1052 1093 67733 57619 1921
20077 P4aPPTS Fr 1057 1094 62733 57619 1921
20073 TPUFTT Fr 1052 1095 67733 5761Q 1921
70074 VAbnE7 FF 1057 1096 62733 97619 1921
20075 mnTMEST R Fr  1052 1097 59570 54714 1824

FrG **** $*** 91602 P4200 2807

FWG I **** 91692 9420 2807

04697 spOnKF FFG 1 1 113543 104287 3476
04693 RA4SEV FPG 1 2 979Q9 0010 3000
04694 SrHnFTETD FwG 1 3 92655 95107 2837
04695 TAbLUT FFG 1 4 92728 R5169 2839
04699 PGr, RTC" FVG 1 5 77268 70970 2366
n4699 FIIRVR, IUL FFG 1 6 75899 69712 2324

TAO **** **** 82376 75661 2522

TAO 22 **** 3P897 35716 1190

04057 MARTAS TAO 22 57 39290 36087 1203
04962 TALLUCA TAO 22 62 38494 35346 1178

TAU 105 **** 87899 00724 2690

04905 MTSDILLTON TAO 105 105 1065Q5 079o 3263
04806 NAVNSnTA TAO 105 106 76069 69967 7379
04R07 PASSUMPSIC TAO 105 107 91709 94733 2808
0490 PAWrATUCK TAo 1o 109 86466 79417 2647
n490Q WACCAmAW TAO 105 109 7P607 72199 2407

TAO 143 **** 97231 A9305 2976

65q03 NrUsHf TAU 143 141 1I1303 10865q 3622
05004 MTSSI$STNe TAO 143 144 93119 85528 2851

PA F 3



** SHTPS ACQ'IisIT!N COST *
(THfluSAMDS flF DflLIARS)

TOTAL. CflST IMPIJTFI)
OJTC NAMP TYPF CLASS HULL, M l FYR1o~'R$ ANNULJ

05Q05 HASRAYAMPA TAUO 143 145 807r%2 91517 2717
05906 KAWTSHIWI TAO 143 146 8P752 81517 2717
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Appendix B

Ship Operating and Support Cost Data
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APPENDIX C

This appendix presents fuel delivery cost equations and calculations.

Current Delivery Cost

Oiler Equation: -/Average /Average OFM Number
(Annual \( Annual % of F of
I Acquisi O&S T tal Oilers
'\tion Cost LPOL L
\Cost __

AO: [(3.355) + (14.637)] [78%] [5)

= [17.992] [78%] [5]

= $70.169M

TAO: [(2.522) + (20.586)] [72%] [11)

= [23.108] [72%] [11]

= $183.015M

Escort Equation Average Average Composite 1 Number F Number
Annual Annual DFM % of Escorts of
Acquisi- + O&S oI )of Total Per Oiler Oilers

L\tion / Cost [POL Li
= [(2.243) + (9.242)] [73%] [.75] [16]

= [11.485] [73%] [.75] [16]

= $100.609M

Total $ 70.169 + 183.015 + 100.609

Delivery cost $353.793M

C-1



4 ,,

Fuel Delivery Quantities

Equation: /Average / Number
(Annual Iof
\Deliveries) Oilers)

AO: (275.3K bbls) (5)

- 1.376M bbls

TAO: (767.7 K bbls) (11)

- 8.445M bbls

TOTAL: 1.376M + 8.445M

= 9.821M bbls

Current Delivery Cost per Barrel for Escorted UNREP Oiler
4Equation: Total ) Total

Delivery Delivery)
(Cost Quantity

($353.793M) (9.821M bbls)

$36.02/bbl

Current Normalized Fuel Delivery Cost

Equation: Current / UNREP
UNREP (Fuel
Delivr DeliveryI

(Cost (Percent/

($36.02/bbl) (70%)

= $25.21/bbl

Future Delivery Cost

AO 177 (5.8 + 14.5) (60%) (1)

= (20.3) (60%) (1)
4

Z $12.18M

FFG 7 (7.5 + 8.3) (60%) (.75) (1)

= (15.8) (60) (.75) (1)
1

- $7.11M

C-2
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Total Future Delivery Cost

12.18 + 7.11

, $19.29M

Future Delivery Cost per Barrel for Escorted UNREP Oiler

($19.29M) + (.288M bbls)

- $66.98/bbl

Future Normalized Fuel Delivery Cost

($66.98) (.7) - $46.89/bbl

Total Normalized Deltverv Cost

( Current (Future + 2
-., /Delivery) + Delivery)]

L\Cost / \Cost

- (25.21 + 46.89)-2 - $36.05/bbl
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